In the market environment, large-scale interconnected power grid has become the direction of the development of the power. For large-scale interconnected power systems, although each region has its own independent operating unit, they are connected by tie-lines for power exchange. In this case, because of the exchange of power inclusively, the large-scale interconnected power grid needs a stable, reliable and efficient power flow model. This paper presents a new integrated power flow model including power exchange, comparing with traditional power flow model which ignore it, can effectively improve the speed and accuracy of the power flow calculation results of large interconnected power grids. In this paper, V-Q sensitivity method is used to analyze the stability of static system. The V-Q sensitivity of the traditional power flow model and the improved integrated power flow model are calculated respectively, and the results are compared. By intuitive data comparison, the validity of the improved integrated power flow model and the accuracy of the calculation are verified.
INTRODUCTION
With the development of electric power construction, the power system has gradually formed a huge interconnected system [1] . The formation of large-scale multi regional interconnected power system is the inevitable result of economic development, and also the need to promote the construction of the global energy internet [2] . Multi area interconnected power system is of great significance to the safe and stable operation of power grid and to prevent large-scale blackout [3, 4] . The formation of the Internet each region through the contact line, due to the peak load and reserve benefit sharing, can have a more stable system, and can improve the degree of optimization of resource allocation [5] [6] . _________________________ For the AGC unit in the interconnected power grid, the main task is to support the unbalanced power within each sub region, and to maintain the power exchange between sub regions [7] . Once the base and participation factors of the AGC unit are given, the AGC system can adjust the frequency stability by some power exchange between multiple regions.The output of the AGC generator depends on the system frequency deviation and the power deviation on the inter area line [8] [9] [10] . Because the multi region AGC is not added in the traditional power flow calculation method, power balance control and power exchange control cannot be considered between interconnected power networks, the error is introduced into the system state calculation [11] [12] [13] . One of the problems mentioned in this paper is that the integrated power flow model considering multi regional AGC operation can be improved greatly by introducing tie line power control model and multi-regional AGC distribution model.
The V-Q sensitivity method is used to analyze the static stability of the system [14] . The method is based on the power flow equation and uses the sensitivity of the system variables to analyze the stability of the system [15] . The sensitivity calculation method is simple and requires less data and can reflect more information [16, 17] .
The main concern of this paper is that since the new integrated power flow model can make the calculation more accurate than the traditional power flow model, it does not know how much improvement can be made. In this paper, V-Q sensitivity analysis method is used to compare the different results obtained by the two methods. The validity and accuracy of the new model are analyzed and verified [18] .
The rest of this paper is organized as: the second part introduces the traditional power flow calculation model, the third part introduces the general trend of the new model, the fourth part introduces the sensitivity of V-Q detection method, the fifth part introduces the case study of IEEE measuring system based on RTS-1996, and the sixth part is the main conclusions.
DESCRIPTION OF THE TRADITIONAL POWER FLOW FORMULATIONS
Assuming that there is only one slack bus in the conventional power flow model, the active power balance equations and the reactive power balance equations of all PQ nodes are given in (1) and (2), except for the slack bus.
Where P and Q denote the active and reactive power of the injected network respectively; f represents the active and reactive power balance equations; the subscripts n and m are the total number of buses and the number of PQ buses, respectively.
POWER FLOW MODEL WITH MULTI-AREA AGC
It is supposed that the system is divided into D regions, each of which has a single AGC system. The AGC participation factor for each bus corresponding to the different regions is represented by the α. Thus, the parameter matrix can be represented by (3):
ik a represents any element in the matrix A in column i and column k, corresponding to the i bus and the K area, respectively. If the i bus in the k area, ik a = 0; if the i bus in the k area, but not in AGC, ik a = 0; if the i bus in the k area and participate in the operation of AGC, then ik a ≠ 0. The elements in each column satisfy the following relationships:
For multi-area connected networks, several AGC systems cooperate with each other to control power exchange. Selecting any d-1 from d areas, the relations of power exchange can be described as follows:
Therefore, an integrated power flow model for interconnected power grids is presented by (6):
(X) 0 (X) (X) 0
The Jacobian matrix is redefined, expressed as follows:
The flow chart of the new power flow program is shown in the following figure. As is shown in Figure 1 , at the beginning of the integration trend, the initial point of the iterative process should be given. The variable representing the power exchange needs to be initialized to 0. Voltage amplitude and voltage angle set to "smooth start" is very necessary. Therefore, all variables are updated synchronously with the iterations. Since the convergence criterion of (7) is determined, the numerical solution of the product integration power flow equation can be obtained. 
V-Q SENSITIVITIES
The Jacobian matrix can be obtained when the tidal current model converges, and the V-Q sensitivity of the load bus is calculated according to the following relation: Because of the operation involving multi region AGC, the sensitivity of the V-Q based on the improved model may differ from the values obtained by using the conventional methods proposed in (7) . Therefore, V-Q sensitivity is calculated using two comparison methods. In order to quantitatively express the error between the two methods, (9) is defined as 
CASE STUDIES
In this section, three cases will be used to illustrate the difference between the new power flow model and the traditional model. Case 1 is the IEEE 5 bus test system, where the power network is divided into two areas. Case 2 and Case 3 is the IEEE 73 bus test system and IEEE 300 bus test system, where the power network is divided into three areas.
All of the three cases are used the V-Q sensitivity calculated by the Jacobian matrix obtained from the new power flow model comparing with the traditional model.
Through the analysis of the results, we can find the difference between old model and the new model, and further verifying the use of traditional power flow model calculation, the calculation results will be a greater error.
Case 1
In this case, it is used 5 bus test system, and Table I provides the power exchange information for the subareas. The values that are greater than 0 are shown in Table II . In Table I , the bus number, s1, s2 and E are showed respectively.
Case 2
In this case, it is used 73 bus test system which divided into three areas. By calculating the new integrated power flow model and the traditional model, we obtained the V-Q sensitivities respectively and the representative values are showed in Figure 2 . And the abscissa is arranged in descending order according to the value of s1-s2.
In this figure, the first and second bar charts are the absolute values of s1 and s2 respectively, and the last one is s1-s2.
As is shown in Figure 2 , s1-s2 reaches 9.51% at load bus 3 and the load 10 is 6.65%. 
Case 3
In this case, it is used 300 bus test system which divided into three areas. Because of the large number of buses, the information of tie-lines between regions is shown in Table III .
In Table III, In this case, the difference between the power exchange (a) and the larger power exchange (b) is simulated by adjusting the power exchange of the tie-lines, the calculation and analysis are carried out. The calculation results are detailed in Figure 3 . The power exchange in two cases can be found in Table IV , where "+" indicates external output power, "-" indicates the reception of external power. As shown in Figure 3 , by comparing the results of the same power system under different conditions of light and heavy loads, some representative results which the values of E greater than 0.5 are selected and their differences are compared. The selected data is shown intuitively in Table V . By comparison, it is found that when the power exchange increases, the calculated value of E will increase as compared to the result of the smaller one. It is shown that the results of the proposed integrated model are more efficient and accurate under the larger power exchange.
CONCLUSION
In this paper, the V-Q sensitivity method is used to verify that the results of the traditional power flow model have great errors, which neglects the addition of multi-region AGC. In addition to the new integrated model, the AGC parameters are introduced and the Jacobian matrix is extended by combining the transmission power between multiple regions.
Through the sensitivity comparison of V-Q, the new integrated power flow model has more accurate calculation results and better convergence. Another important finding is that with the
